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Abstract
Klebsiella pneumoniae Kp1 carrying a novel complex class 1 integ-
ron was isolated from an inanimate surface of a female ward
sanitary facility in the Hospital Infante D. Pedro, Aveiro, central
Portugal. The integron consists of two variable regions (VRs);
VR1 was previously described in Escherichia coli and Vibrio chole-
rae, and VR2 contains an In37-like structure and is located
downstream of an ISCR1 element. The integron was found on a
plasmid of 225 kb. The qnrB10 gene, although present, is not
associated with the complex class 1 integron.
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Klebsiellae are widespread in the environment and in the
intestinal ﬂora of humans and other mammals. Klebsiella pneu-
moniae is an important opportunistic pathogen causing uri-
nary tract and intra-abdominal infections, neonatal meningitis
and pneumonia in immunocompromised patients [1].
The intensive use of broad-spectrum antibiotics in hospi-
talized patients led to the development of multidrug-resistant
(MDR) strains. In K. pneumoniae, resistance is associated with
the production of b-lactamase enzymes, mainly extended-
spectrum b-lactamases [2]. However, more recently, metal-
lo-b-lactamases have also been described [3].
K. pneumoniae strains carrying complex class 1 integrons
are becoming more common. Usually, within the second var-
iable region (VR2), only one or two genes conferring resis-
tance to b-lactamases, ﬂuoroquinolones, aminoglycosides,
chloramphenicol or trimethoprim are found [4–7]. Thus, the
use of antibiotics that are commonly used to treat infections
caused by Klebsiella MDR strains, such as cephalosporins,
b-lactamase-stable penicillins and aminoglycosides, can be
compromised [8].
Herein, we report and characterize a novel complex
class 1 integron found in a K. pneumoniae isolate collected
from an inanimate surface within the Hospital Infante
D. Pedro, Aveiro, Central Portugal.
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K. pneumoniae Kp1 was isolated from the sink of a female
ward sanitary facility during an infection control study in
2005. The strain was identiﬁed with the automatic VITEK 2
Advanced Expert System (BioMe´rieux, Marcy L’E´toile,
France). The identiﬁcation was conﬁrmed by 16S rDNA
(Table 1) nucleotide sequence determination. Antibiotic sus-
ceptibilities were determined according to CLSI guidelines
[9]. In the Kp1 isolate, an unusual class 1 integron structure
was detected by PCR, with the speciﬁc primers described in
Table 1, and is described herein.
The ﬁrst variable region (VR1) was approximately 2500 bp
in length. By primer walking (Table 1), the complete array of
gene cassettes was determined. Nucleotide sequence analysis
conﬁrmed an integron structure that was previously found
and described in Escherichia coli [10] and in a Vibrio cholerae
isolate from China (unpublished: EU678897). So far, this
structure has never been described in K. pneumoniae. VR1 of
the Kp1 isolate comprises three genes: at the ﬁrst position,
close to the intI1 gene, is a rifampin ADP-ribosyl transferase-
encoding gene (arr-3), and this is followed by a dihydrofolate
reductase gene (dfrA27), and an aadA16 gene, encoding an
aminoglycoside-(3¢¢)(9)-adenylyltransferase. An ISCR1 element
linked to the class 1 integron was also ampliﬁed. Speciﬁc
primers for ISCR1 and qacED1 (Table 1) were employed to
access the genes that compose VR2, resulting in an amplicon
of approximately 6000 bp. Further nucleotide sequence
determination and analysis revealed the presence of an array
consisting of four gene cassettes, constituting the variable
region of In37 (Fig. 1a).
In37 was previously described in a K. pneumoniae clinical
isolate from Argentina and in an E. coli isolate from China
[6,11]. This integron appears to be associated with ISCR1
and qnr genes (Fig. 1a). It is noteworthy that the cassette
array of In37 is always found associated with VR1, and never
in VR2.
Herein, we report, for the ﬁrst time, the association of In37
with VR2 in this isolate, highlighting the fact that here it is not
associated with the intI1 gene. The location of the resistance
genes corresponding to the In37 array may be explained by a
homologous recombination event, according to the model
proposed by Toleman et al. [7], which suggests that the ISCR1
element is responsible for the transposition of those genes,
leading to the formation of a complex class 1 integron.
The genes found in this complex structure may explain
the resistance proﬁle observed for trimethoprim–
sulphamethoxazole (MIC ‡320 mg/L), tobramycin (MIC
‡16 mg/L), amoxycillin–clavulanic acid (MIC ‡32 mg/L), clo-
ramphenicol (MIC ‡32 mg/L) and cephalotin and cefuroxime
(MIC ‡64 mg/L). Moreover, the presence of the qnrB10 gene
may be responsible for the reduced susceptibility to cipro-
ﬂoxacin (MIC ‡1 mg/L) and levoﬂoxacin (MIC ‡0.5 mg/L).
The qnrB10 gene has been found to be linked to the ISCR1
element in different class 1 integrons [6] (Fig. 1b), but in the
Kp1 isolate, and with the primers described (Table 1), this
association was not detected.
The location of the integron was investigated by pulsed-
ﬁeld gel electrophoresis. Genomic DNA digested with S1
(New England Biolabs, Beverly, MA, USA) was separated in
a CHEF-DRIII system (Bio-Rad, Hemel Hempstead, UK),
and hybridized to an intI1 probe labelled with digoxigenin
(Roche Diagnostics GmbH, Penzberg, Germany). The
results revealed that the complex class 1 integron is located
on a plasmid of approximately 225 kb (data not shown).
Plasmid identiﬁcation was attempted with the primers
described by Carattoli et al. [12]. Nevertheless, in the Kp1
isolate, no ampliﬁcation was observed with any of the prim-
TABLE 1. Primers used to amplify the variable regions (VR1 and VR2) of the unusual class 1 integron found in Klebsiella pneu-
moniae Kp1 isolate
Name DNA sequence (5¢ to 3¢)
Annealing
temperature (8C) Target site References
HS 464 ACA TGC GTG TAA ATC ATC GTC G 55 Class 1 integrase [15]
HS 463a CTG GAT TTC GAT CAC GGC ACG 60
RB 317 GAA CCT TGA CCG AAC GCA G 53 5¢-CS [15]
RB 320 AGC TTA GTA AAG CCC TCG CTA G 51 3¢-CS
arr-3-Fw GGG GCA TCC TGT TGA ATT AA 52 arr-3 gene This study
dfrA27-Fw GTT GTT TCT GGT GGT GGA GA 50 dfrA27 gene This study
aadA16-Fw TTG CTG GTT ACT GTG ACT GC 52 aadA16 gene This study
Sul1-mF ACG AGA TTG TGC GGT TCT TC 48 sul1 gene [16]
ISCR1 Fw ACT GAC TCC CAG CCT GTT CG 54 ISCR1 gene This study
LECR2 CAC TGG CTG GCA ATG TCT AG 59 ISCR1 gene [17]
OXAA-Fw ACA CAA TAC ATA TCA ACT TCG C 57 blaOXA gene [18]
OXAA-Rv AGT GTG TTT AGA ATG GTG ATC 55
CatB3 Rv TAG CGG GAT TGC CGC CAA CG 64 catB3 gene This study
qnrBF CCT GAG CGG CAC TGA ATT TAT 54 qnrB gene [19]
qnrBR GTT TGC TGC TCG CCA GTC GA 59
fD1 AGA GTT TGA TCC TGG CTC AG 57 16S rRNA [20]
rD1 AAG GAG GTG ATC CAG CC 55
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ers used, suggesting that no plasmid-speciﬁc sequences rep-
resentative of the major plasmid incompatibility groups cir-
culating among Enterobacteriaceae are present. As plasmids
are the primary vehicles for horizontal resistance gene
transfer among Gram-negative bacteria [13], in order to
evaluate their transfer capability, conjugation assays were
performed with E. coli J53AzR as the recipient strain, as
described by Wang et al. [14]. E. coli transconjugants were
selected in Mueller–Hinton agar with 200 mg/L sodium
azide and 16 and 32 mg/L chloramphenicol. Under these
laboratory conditions, no transconjugants were obtained.
As the Kp1 isolate was collected from an inanimate surface,
and also given the fact that the antibiotic resistance genes
are contained in an integron-borne plasmid, this strain may
be a possible reservoir of antibiotic resistance genes within
the hospital environment. Given its resistance proﬁle, this
isolate could pose some risk for debilitated or immuno-
compromised patients.
This study describes the presence of a novel complex
class 1 integron. Additionally, it highlights the fact that sur-
veillance studies are of the utmost importance to provide
the information needed for the implementation of appro-
priate control measures for dissemination of MDR micro-
organisms within these highly selective environments, as
pathogenic bacteria can colonize and survive outside a host
and therefore ﬁnd their way into debilitated patients.
All of the nucleotide sequences reported in this article
are deposited in GenBank under the accession number
FJ459817.
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FIG. 1. (a) Schematic representation of the Klebsiella pneumoniae Kp1 complex class 1 integron reported in this study. (b) Genetic environment
of the qnrB10 gene in different species. The gene cassettes are represented by boxed arrows indicating the transcriptional orientation. A white
circle represents the attI1 site, and the black circles represent the gene cassette recombination site, attC element.
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Abstract
Twenty-ﬁve extended-spectrum b-lactamase (ESBL)-producing
Escherichia coli clinical isolates from Rio de Janeiro, Brazil were
characterized by isoelectric focusing, PCR and sequencing of
blaESBL genes, plasmid-mediated quinolone resistance determi-
nants, phylogenetic groups, replicon typing, pulsed-ﬁeld electro-
phoresis, and multilocus sequencing typing. Twenty-three (92%)
ESBL-producing E. coli isolates were positive for blaCTX-M genes,
aac(6¢)-Ib-cr, and qnrB. Genetic relatedness of ESBL producers
clustered seven (28%) CTX-M-15-producing isolates as sequence
type (ST)410, clonal complex (CC) 23, and two (8%) as clone
O25-ST131. Our results illustrate the predominance of phylo-
group A (52%), ST410 (CC 23) and CTX-M-15 among ESBL-
producing E. coli isolates from hospitals in Rio de Janeiro.
Keywords: Brazil, CTX-M-15, Escherichia coli, phylogroup A,
ST410
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